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41 CHAPTER INTRODUCTION

This chapter provides information describing the affected environment of western
Washington forested state trust lands managed by the Washington Department of Natural
Resources (DNR), including the policies, procedures, and strategies that govern their
management. The affected environment sections describe the current condition of the
forested trust lands against which the proposed Alternatives are evaluated. The following
resource areas are discussed:

e Forest Structure and Vegetation (Section 4.2)
e Riparian Areas (Section 4.3)

o Wildlife (Section 4.4)

e Air Quality (Section 4.5)

e Geomorphology, Soils, and Sediment (Section 4.6)
e Hydrology (Section 4.7)

o  Water Quality (Section 4.8)

e  Wetlands (Section 4.9)

e Fish (Section 4.10)

e Public Utilities and Services (Section 4.11)

e Cultural Resources (Section 4.12)

e Recreation (Section 4.13)

e Scenic Resources (Section 4.14)

e Cumulative Effects (Section 4.15)

The environmental effects related to each of the above resource areas are discussed
following a presentation of the affected environment. The environmental effects sections
provide the scientific and analytical basis for the comparison of Alternatives presented in
Chapter 2. Because of the long length of Section 4.2, Forest Structure and Vegetation, this
section is presented in a somewhat different format than the others. General background
material is presented first, then the affected environment and the associated environmental
effects are presented separately for each of six major subsections.

The following Environmental Impact Statements are incorporated by reference in full: 1)
the draft and final Forest Resource Plan Environmental Impact Statement (DNR 1992), (2)
the draft and final Habitat Conservation Plan Environmental Impact Statement (DNR
1996); and 3) the draft and final Forest Practices Rules Environmental Impact Statement
(Washington Forest Practices Board 2001). These EISs contain relevant information
concerning the impacts of harvesting on forested trust lands managed by DNR, done in
compliance with DNR's Habitat Conservation Plan, existing Forest Resource Plan policies,
and the Forest Practices Rules that apply to both state and private lands. These EISs may
be located in public libraries throughout the state of Washington, including the Washington
State Library, depository libraries, university and college libraries, and county and city
libraries. Many resource area sections in this EIS refer to information presented in the
affected environment sections of those EISs. However, some information has been
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updated, and other subject areas (e.g., soil productivity, recreation) not covered in those
EISs have been added.

The Forest Resource Plan and the Habitat Conservation Plan Environmental Impact
Statements provide useful benchmarks for evaluating the effects of the 2003 sustainable
harvest calculation level.

This is a programmatic Environmental Impact Statement (i.e., non-project under the State
Environmental Policy Act). Consequently, the analysis for each resource area focuses
specifically on evaluating the impacts of the policies and procedures that are being
proposed for modification under the Alternatives. Conclusions are based on reasonably
available data and generally qualitative analyses, supported by quantitative data where
available and appropriate.

For some resource areas, changes in policy, procedure, or operational management
proposed under the Alternatives are different for the Olympic Experimental State Forest
compared to the other five Westside HCP Planning Units. Consequently, the likelihood of
adverse effects may also be different. In these instances, the Olympic Experimental State
Forest is discussed separately from the other five Westside HCP Planning Units.

The temporal scale for resource analyses is both the short term (10 years) and long term
(30 to 64 years). These time periods reflect the planning period for the sustainable harvest
calculation and the remaining lifespan, to 2067, of the 70-year Habitat Conservation Plan.
Data are presented by decade for many resources.

The analyses presented in this chapter indicate that there are different levels of relative risk
associated with the various Alternatives. Where this is the case, the Alternatives are
ranked. Ranking does not imply that the Alternative with the highest risk rating would
result in a significant adverse impact. In many cases, the higher ranking simply implies that
greater care would be taken in implementing a strategy and higher levels of investment
would likely be needed to ensure that careful planning, implementation, and monitoring are
included at the project level.

Chapter Introduction 4-4 Final EIS
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4.2 FOREST STRUCTURE AND VEGETATION

4.2.1 Forest Structure

This section analyzes the environmental effects on forest structure, old forests, forest
health, carbon sequestration, and threatened and endangered plant species. The analysis
examines the current and proposed changes to policy and procedures under the different
Alternatives. This analysis also assesses relative risks among Alternatives that are
illustrated using modeling outputs.

Alternatives 1 and 4 would provide more old forest and would entail less risk of adversely
affecting threatened, endangered, and sensitive plant species than the other Alternatives.
However, Alternatives 1 and 4 would result in more dense forest stands that achieve lower
individual tree growth rates and are more susceptible to damage from insects and disease.
Alternative 2 and the Preferred Alternative are ranked intermediate in terms of their overall
relative risk of causing negative environmental impacts. The Preferred Alternative has a
higher risk associated with it over the short term, but in the long term ranks highest in the
development of structurally complex forest stands. Both the Preferred Alternative and
Alternative 2 would require an intermediate level of investment for successfully
implementing their management strategies and achieving the projected level of harvest.

Alternatives 3 and 5 would have fewer policy limitations for stand management and timber
harvest and would apply more intensive management strategies than the other Alternatives.
Management proposed under Alternatives 3 and 5 would result in more harvest area and
forests that are less susceptible to insect and disease damage.

Alternative 5 and the Preferred Alternative would entail more relative risk of adversely
affecting threatened, endangered, and sensitive species of plants due to more harvest and
harvest-related disturbance.

4.2.2 Introduction

This section describes the existing forest structure and vegetation resources on western
Washington forested state trust lands, and assesses potential effects to these resources
resulting from changes to DNR’s management policies under the analyzed Alternatives.
During the public scoping process, concerns were raised about the effects of the proposed
Alternatives on forest conditions, growth and yield, forest health (including fire, insect, and
disease damage, windthrow, and the spread of noxious weeds), and old forests. The
following areas were assessed for effects of the proposed policy changes to the
management of forest resources on forested trust lands:

e Forest Condition — Changes in the proportion of forest acreage within different forest
stand development stages; changes in the quantity and types of forest management
activities

e Growth and Yield — Potential factors changing individual tree and stand growth as
indicated by changes in forest conditions (stand development stages and forest stand
density)
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e Forest Health — Changes to relative forest stand density as an indicator of stand vigor
and fire risk as it relates to harvest intensity

e Old Forest — Acres of forest with old forest stand structure characteristics
e Carbon Sequestration — Changes in carbon storage capacity

e Threatened, Endangered, and Sensitive Plants — Frequency of potentially physically
disturbing events, and management strategies and changes in stand complexity and
understory development

Analysis of effects to the forest vegetation resources focuses on the approximately

1.4 million acres of western Washington forested state trust lands. Each of the six proposed
Alternatives represents a strategy for implementing DNR’s 70-year Habitat Conservation
Plan (DNR 1997). The analysis covers the period between 2004 and 2067, and is to be re-
assessed at periodic time intervals within this period.

4.2.3 Current Conditions
4.2.3.1 Physical Setting

The western Washington forested state trust lands span vegetation zones from near sea
level to mountaintops. Vegetation zones represent areas of similar environmental settings
(soils, climate, elevation, aspect, and disturbance regimes). Vegetation zones tend to occur
sequentially up mountain slopes, depending upon changed conditions at these elevations—
generally, changes in moisture and temperature levels (Franklin and Dyrness 1988).
Vegetation zones are named for climax tree species that would dominate the area in the
absence of wildfire, timber harvest, or windstorms, or until such a disturbance occurs.
However, plant communities associated with a specific seral stage may occupy the site at
any given time, depending on the forest’s development.

The western hemlock zone covers approximately 71 percent of the forested trust lands. It
extends from sea level to about 2,000 feet in elevation. Tree species include western
hemlock, Douglas-fir, western red cedar, Pacific silver fir, grand fir, red alder, and bigleaf
maple. Portions of the Puget Sound lowlands (see Chapter 3) located in the Olympic
Mountains’ rain shadow have gravelly glacial soils and relatively low rainfall. These areas
often support lodgepole pine along with Douglas-fir.

The Sitka spruce zone is found in a narrow band along the Pacific Coast and in “fingers”
up coastal river valleys where the climate is mild and moist year-round. Ten percent of the
western Washington forested state trust lands is in the Sitka spruce zone. Mixed conifer
forests, consisting of Sitka spruce, western hemlock, western red cedar, Douglas-fir, grand
fir, Pacific silver fir, lodgepole pine, and red alder occur in this zone, though in different
proportions than in the western hemlock zone.

The Pacific silver fir zone occupies approximately 16 percent of the forested trust lands.
This zone generally occurs between 2,000 and 4,000 feet in elevation where the cool, wet
climate results in a relatively short growing season. Pacific silver fir, noble fir (south of
Stevens Pass), Douglas-fir, yellow cedar, western red cedar, and Sitka spruce are tree
species that characterize this zone.
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Less than 2 percent of the forested trust lands are in the high-elevation forest zones, which
extend from about 4,000 feet in elevation up to the “tree line.”

4.2.3.2 Forest Conditions

Disturbance has long been a factor in Pacific Northwest forests. The extensive Douglas-fir
forests seen by European settlers in the nineteenth century were born of fire (Agee 1993;
Franklin and Dyrness 1988). Wind was a major disturbance factor, especially in coastal
Sitka spruce and higher elevation Pacific silver fir and alpine forests, where the moist
conditions generally limited fire spread (Agee 1993). In higher elevations, snow-downed
trees opened up the forest for regeneration. Insects and disease were also disturbance
agents. Disturbance after European settlement has been primarily through timber harvest,
land-clearing, and fire. Most of the western Washington forested state trust lands have been
logged at least once in the past 100 years (DNR 1997).

Conditions that followed clearcutting (i.e., the removal of all trees) differ greatly from the
conditions following most natural disturbances in terms of the structural legacies remaining
after natural types of disturbance. Currently, DNR retains legacy trees (sometimes called
reserve trees) in all harvests. Conversely, past clearcutting did not leave a legacy of
overstory trees.

Clearcutting, as popularly conceived, removed all trees—merchantable as well as snags,
cull trees, seedlings, saplings, tops, and branches—in order to start a new rotation with
even-aged trees that would fully occupy the site. Following the timber harvest, large
woody debris was lost with intensive slash disposal practices such as broadcast burning or
piling and burning. With the exception of stands regenerated within the past 15 to 20 years
and those destroyed by fire, most of the forest stands found on western Washington
forested state trust lands were regenerated from past clearcutting.

4.2.3.3 Current Forest Management and Harvest Levels

Since 1996, and the adoption of the Habitat Conservation Plan, all regeneration harvests on
western Washington forested state trust lands have followed the policy and procedural
direction describe in Chapter 2 for Alternative 1 (No Action).

Table 4.2-1 shows the average annual acres of forest stand management activities that
occurred on western Washington forested state trust lands from 1997 through 2002.

Table 4.2-2 displays the acres of pre-commercial thinning (thinning done before the trees
are merchantable) that have occurred since DNR began implementation of the Habitat
Conservation Plan.
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Table 4.2-1. Average Annual Acres of Forest Management Activities by Habitat Conservation
Plan Planning Unit, 1997 through 2002
Site Preparation Vegetation Management
Aerial Ground Aerial Ground
Herbicide Herbicide Pile and Broadcast Herbicide Herbicide
Fertilization Application Application Mechanical Burn Burn Application Application
HCP Planning Acres per Acres per Acres per Acres per  Acres per  Acres per
Unit Year Year Year Year Year Year Acres per Year  Acres per Year
Straits 0 0 15 1 9 0 0 343
North Puget 1,114 338 0 0 6 10 704 1,533
South Puget 113 0 0 0 10 0 31 253
Columbia 0 573 123 40 80 5 1,473 260
South Coast 0 23 13 11 144 0 603 574
Olympic 0 0 0 0 20 0 0 60
Experimental
State Forest
Total 1,227 934 151 52 269 15 2,811 3,023

Data Source: DNR Planning and Tracking database.
Note: Area fertilized includes both application of biosolids and aerial fertilizer application in North Puget and South Puget HCP Planning Units. Area fertilized
updated from e-mail communication from Carol Thayer, 7/24/03.

Table 4.2-2. Acres Pre-Commercially Thinned on Forested Trust Lands by
Habitat Conservation Plan Planning Unit, 1996 through 2002

Average Acres/Year Total Acres
Pre-Commercially Pre-Commercially
HCP Planning Unit Thinned Thinned
Straits 624 3,743
North Puget 3,782 22,691
South Puget 830 4,982
Columbia 751 4,504
South Coast 1,604 9,621
Olympic Experimental State Forest 5,034 30,203
Total 12,625 75,744

Data Source: DNR Planning and Tracking database.

DNR is required to provide for long-term stable harvest of timber measured in volume
according to Policy Nos. 4 and 5 (DNR 1992b). State law mandates the periodic
recalculation of this sustained yield harvest (Revised Code of Washington 79.10.320). In
1996, the Board of Natural Resources adopted an annual sustainable harvest level of

655 million board feet for the forested trust lands statewide. This equates to approximately
575 million board feet as the sustainable harvest level for western Washington forested
state trust lands.
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During the past 5 years (1998 to 2002), an average of approximately 479 million board feet
of timber per year (see Section 4.11, Table 4-11) has been harvested from approximately
20,000 acres of forested trust lands. The majority of the harvest volume removed was in
the Central (Grays Harbor, Lewis, Pacific, and Thurston Counties) and Northwest Regions
(Skagit, Snohomish, and Whatcom Counties). Each of these two regions produced about 31
and 27 percent, respectively, of the total 5-year timber volume yield. The Southwest
Region (Clark, Cowlitz, Klickitat, Pacific, Skamania, and Wahkiakum Counties)
contributed about 18 percent of the volume. The South Puget Sound (King, Kitsap, Lewis,
Mason, and Pierce Counties) and Olympic (Clallam, Grays Harbor, and Jefferson
Counties) Regions produced 13 and 12 percent of the total yield, respectively.

Table 4.2-3 displays the total current estimate for standing inventory by land class. The
standing volume is expressed in both cubic feet and Scribner board feet to reflect the
estimate of both total tree biomass in the forest (cubic feet) and an estimate of the
merchantable standing volume (Scribner board feet) (see Chapter 2, Uncertainty in the
Modeling Results, for further discussion). Approximately 26 percent of forested trust lands
timber volume is located in the “Uplands with General Objectives” land class, 43 percent
and 31 percent of the volume are in the “Uplands with Specific Objectives” and “Riparian”
land classes, respectively. (See description of land classes in Chapter 6 Glossary)

The estimates of standing merchantable volume (Scribner board feet) differ from those
published in the Draft Environmental Impact Statement (Draft EIS). In the Draft EIS, the
standing volume was published as 52 billion board feet. This inventory figure was not
adjusted for merchantability. (See Appendix B for details on growth and yield.)

4.2.4 Forest Structure, Growth, and Yield
4241 Affected Environment
Forest Structure

The condition of a forest can be expressed in a number of ways. A popular way to measure
the condition of even-aged forests in the Pacific Northwest is age class. For an even-aged

Table 4.2-3. Total Current Standing Timber Volume for Western Washington
Forested State Trust Lands by Land Class

Standing Volume

Billion Board Feet
Land Classification Billion Cubic Feet (Scribner)

Uplands with General 2 8
Objectives

Uplands with Specific 3 13
Objectives

Riparian 2 10
Total 7 31

Data Source: Model output data (stand development stages).
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managed forest, an age class distribution can help describe the previous disturbance
history. The extent of younger forests suggests that disturbances, regeneration harvests,
and/or natural disturbances, have occurred recently. An older age class forest suggests that
there have been less disturbance events in recent history. However, as a comparison of
Photographs 1 and 2 in Chapter 2 illustrates, the use of stand age can be difficult to
estimate and can be a deceiving measure for describing the condition of a forest stand.
While age class is useful for describing the conditions of an even-aged forest managed for
timber production, it is not considered as useful for describing the ecological conditions of
a forest when managed for habitat conditions, which are typically represented in un-even-
aged forests.

Ecological condition is best described with stand development stages that use structural
conditions to define a developmental stage. Structural conditions include the number and
size of live trees, standing dead trees (snags), and down woody debris. Describing a forest
in terms of its structural conditions allows for an improved description of a forest’s
ecological condition because forest stand structure is related to ecological functioning. The
stages used in this analysis are adapted from three principal sources: Brown (1985), Carey
et al. (1996), and Johnson and O’Neil (2001).

The forest stand development stages used in this analysis differ from the “age class-based
structural description” used to describe forest structure for the Habitat Conservation Plan.
At the time that the Habitat Conservation Plan was developed, age class was the best
available data. However, age class is not a sufficient indicator of stand structure, nor is it a
satisfactory indicator of ecological functioning. This fact was recognized in the Habitat
Conservation Plan, and methods were put in place to change management focus from age
to structure (DNR 1997, page 1V-180).

Many factors affect the rate at which a stand develops, including site conditions, tree
genetics, the tree species used to initiate regeneration after harvest, the density of the new
trees, natural disturbance, and management activities (Oliver and Larson 1996; Franklin et
al. 2002).

The stand development stages used in this analysis are based on:
e number of tree canopy levels,

e tree size,

e percent of canopy closure (relative density),

e abundance of dead or decadent trees, and

e abundance of dead down wood.

Descriptions of these stand development stages are provided in Appendix B, Section
B.2.3. The following is a brief description of how these stages develop. Ecosystem
initiation stages are open, newly regenerated stands that are actively growing. Stands enter
the competitive exclusion stages when competition for direct sunlight, nutrients, water,
and space increases (Oliver and Larson 1996) and stands near, or exceed, full site
occupancy. When growing space is fully occupied, stand growth measured in volume per
unit area is probably at its peak. Stand growth only declines by mortality. As growing
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space becomes fully occupied, tree mortality ensues and the net stand growth begins
declining. The understory development stage develops as stand gaps increase due to
mortality of larger trees or groups of trees or silvicultural treatments. It is tree mortality
that primarily influences forest development, not tree growth. In understory development,
a stand has lost some of its large trees from the upper canopy due to mortality or a harvest,
competition between trees is reduced, and understory trees and shrubs are developing.
This stage is transitional; the stand may return to a competitive exclusion stage as the taller
trees’ crowns re-close, or conversely, the crowns may not close and the stand may develop
into a botanically diverse or niche diversification stage. This later development occurs as a
result of continued understory development and tree mortality. Botanically diverse, niche
diversification, and fully functional development stages provide progressively more stand
biodiversity and structural diversity with each development stage. In a botanically diverse
stage, forest stands have two or more tree canopies but are lacking in dead tree
components such as large snags and/or down woody debris. These components are all
present in niche diversification and fully functional development stages. The distinction
between niche diversification and fully functional is principally time to accumulate greater
levels of structural and biological diversity.

Distribution of Stages

Table 4.2-4 displays the percent distribution of stand development stages on western
Washington forested state trust lands, while Table 4.2-5 provides a breakdown by HCP
Planning Unit. The ecosystem initiation stage comprises about 8 percent of forested trust

Table 4.2-4. Distribution of Stand Development Stages on Forested Trust Lands

Percent of
Summarized Stand Forested Trust
Development Stage Stand Development Stage Acres Lands
Ecosystem Initiation Ecosystem Initiation 105,240 8
Sapling Exclusion 234,979 17
Pole Exclusion 286,880 21
Competitive Exclusion
Large Tree Exclusion 226,347 16
Understory Development 196,417 14
Botanical Diversity 324,725 23
Structurally Complex Niche Diversification 3,681 0
Fully Functional 12,435 1
Total 1,390,704 100

Data source: Model output data - stand development stages.
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Table 4.2-5. Stand Development Stages in Forested Trust Lands, by Habitat
Conservation Plan Planning Unit

HCP Planning Unit
North South South
Straits Puget Puget Columbia Coast OESF"
Total
Percent
of
Forest Stand Percent of Percent Percent Percent Forested
Development Total Percent of of Total Percent of of Total of Total Trust Total
Stage Acres Total Acres Acres Total Acres Acres Acres Lands Acres
Ecosystem
Initiation 7 8 7 7 8 8 8 105,240
Sapling
Exclusion 11 17 25 15 17 15 17 234,979
Pole Exclusion 23 17 29 15 22 19 21 286,880
Large Tree
Exclusion 26 13 6 27 13 11 16 226,347
Understory
Development 11 17 6 18 15 21 14 196,416
Botanical
Diversity 21 26 25 18 25 25 23 324,724
Niche
Diversification <1 0 1 <1 <1 <1 0 3,683
Fully Functional 1 2 1 <1 <1 <1 1 12,435
Total Percent 100 100 100 100 100 100 100
Total Acres
HCP Planning
Unit 110,222 381,516 141,845 267,530 232,931 256,659 1,390,704

Data Source: Model output data — stand development stages.
" OESF = Olympic Experimental State Forest
Note: Due to rounding, the numbers may not equal 100 percent when added.

lands. The competitive exclusion stage is the majority, about 69 percent (945,000 acres). In
the table, the competitive exclusion stage includes the sapling exclusion, pole exclusion,
large tree exclusion, and the understory development stages. Approximately 14 percent
(196,000 acres) of the forest is estimated to be in an understory development stage.
Approximately 25 percent (340,000 acres) of the forests are in botanically diverse, niche
diversification, and fully functional development stages.

Forest Growth and Yield

“Forest growth and yield” refers to the change in surviving tree volume over time, i.e.,
individual tree and stand growth over time (yield). Characteristics that influence growth
and yield are the species, spacing of trees in stands (density), and the site productivity of
stands. The effects of the analyzed Alternatives are measured by how management
activities change standing volumes and the distribution of stand development stage.
Comparing the changes in standing inventory volumes and the changing distribution of
stand development stages among Alternatives provides a means for summarizing the
effects of changes in forest condition on future growth and yield of the forest base.
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4.2.4.2 Environmental Effects

The Alternatives contain a number of changes to current policies and procedures. Table
4.2-6 summarizes the proposed changes to specific policies and procedures. Chapter 2
details proposed changes by Alternative, while Appendix C provides the current policies
and procedures and the proposed new policies and procedures under the Preferred
Alternative.

The effect of the proposed changes to the policy and procedures on the forest environment
can be summarized as:

e changes in forest conditions as measured by the forests standing volume and stand
development stages, and

e changes in the amount of disturbance or area under harvest activities.

The environmental effects of each of the proposed policy and procedural changes are
examined for differences between Alternatives and differences in short- or long-term
effects.

Sustainable, Even-Flow Timber Harvest

All Alternatives, except Alternative 1, propose to ease the sustainable even-flow policy.
This policy directs DNR on how to meet its objective of revenue generation over the long
term. The policy choices are a restricted flow policy (Alternatives 1 and 4), a non-declining
policy (Alternative 2), a modulating timber flow policy (Alternative 5 and the Preferred
Alternative), and a policy that essentially provides no constraint on the harvest flow
(Alternative 3).

Changes in standing inventory are presented in Table 4.2-7 for all the Alternatives. All
Alternatives, including Alternative 3, demonstrate an increase in standing volume over
time (ensuring timber yields for future generations) and a more-diverse forest in terms of
structural conditions (Table 4.2-8). In Appendix D, Table D-8, stand structural
development over time is presented for individual HCP Planning Units.

Table 4.2-6. Policy, Procedure, and Operational Changes that Affect Forest
Structure, Growth, and Yield

Alternative
Policy and Procedure Changes Proposed 1 2 3 4 5 PA

Policy No. 4 — Sustainable, Even-Flow Timber Harvest X X X X X
Policy No. 6 — Western Washington Ownership Groups X X X
Policy No. 5 — Harvest Levels Based on Volume X X
Procedure 14-004-120 — Management Activities within Spotted Owl X X X X X

Nest Patches, Circles, Designated Nesting, Roosting, and Foraging

and Dispersal Management Areas
Policy No. 30 — Silviculture Activities; Policy No. 31 — Harvest and X

Reforestation Methods

X = indicates a proposed change in the policy or procedure
PA = Preferred Alternative
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Table 4.2-7. Change in Standing Volume from Base Year 2004 by Alternative
through 2067 (billion board feet)

Year Alternative

Modeled 1 2 3 4 5 PA
2004 31 31 31 31 31 31
2013 35 34 33 35 32 32
2031 46 41 38 45 34 37
2067 60 50 46 58 41 45

PA = Preferred Alternative
Source: Model output data (stand development stages).

Table 4.2-8.  Comparison of Forest Stand Development Stage Distribution (percent
of forested acres) in 2067

Existing Alternative

Forest Stand Development Condition

Stage (2004) 1 2 3 4 5 PA
Ecosystem Initiation 8% 9% 10% 11% 8% 11% 11%
Sapling Exclusion 17% 2% 3% 4% 1% 2% 5%
Pole Exclusion 21% 18% 26% 29% 18% 33% 21%
Large Tree Exclusion 16% 10% 10% 9% 14% 9% 10%
Understory Development 14% 35% 25% 22% 32% 21% 24%
Botanically Diversity 23% 21% 21% 20% 22% 21% 19%
Niche Diversification <1 2% 2% 2% 2% 1% 5%
Fully Functional 1% 3% 3% 3% 3% 1% 5%

PA = Preferred Alternative
Source: Model output data (stand development stages).

The effects on forest condition appear positive for all the Alternatives over the long term.
The distribution of harvest area across forested trust lands in western Washington, and
therefore short-term impacts, may differ among the Alternatives. This aspect is examined
in more detail in the Harvest Area section of Section 4.2.

Model outputs suggest most Alternatives would maintain a relatively constant timber
harvest volume and timber area over the planning period 2004 through 2067 (Figures 4.2-1
and 4.2-2, respectively). Alternative 5 has a higher harvest area in the first half of the
planning period and then the harvest area reduces to a similar level as the other
Alternatives. This higher harvest level is predominantly thinnings (Figure 4.2-3).
Alternative 3, which produces the most variation in the first half of the planning period,
begins to produce a steadier flow towards the end of the planning period.
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Figure 4.2-1.  Average Annual Western Washington Forested State Trust Land
Timber Harvest Volume per Decade over the Planning Period

(2004-2067)
PA = Preferred Alternative
Data Source: Model output data — timber flow levels.
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Figure 4.2-2.  Average Annual Western Washington Forested State Trust Land
Timber Harvest Area per Decade Over the Planning Period

(2004-2067)
PA = Preferred Alternative

Data Source: Model output data — timber flow levels.
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Figure 4.2-3. Harvest Type and Area by Alternative
PA = Preferred Alternative
Data Source: Model output data — timber flow levels.

Western Washington Ownership Groups (renamed as Sustainable Harvest
Units, see Appendix F)

Policy choices that determine the size (area) of the management unit on which a
sustainable even-flow of timber is managed can affect not only the total amount of harvest
at any one time, but also the harvest distribution across the forested trust lands in western
Washington. The policy choices considered in the Alternatives are: maintaining the
sustainable harvest units (Ownerships Groups, Forest Resource Plan Policy No. 6) at

24 units; reducing the number to 20 by grouping all the federally granted trusts into one
westside sustainable harvest unit, or eliminating all the sustainable harvest units and
grouping all trusts into one westside sustainable harvest unit.

The reduction in sustainable harvest units is expected to increase the available harvest area,
as synergies of available merchantable volume may occur between existing units and could
be realized. The increase in harvest area may also be accompanied by an increase in the
concentration of harvests in a particular geographical region over time. Therefore, a policy
of one westside sustainable harvest unit might be expected to express these trends the most.
However, other policy and management strategies may tend to limit the expected effects of
an increase in sustainable harvest unit size. The combination of Habitat Conservation Plan
management goals, such as riparian management and the protection of public resources
(e.g., management of slope instability), results in a DNR-managed forest landscape where
approximately:
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e 31 percent of the land is within a Riparian and Wetlands Management Area,

e 43 percent is within a Upland Area where management will result in extended rotations
and/or the maintenance of a portion of a forest canopy, and

e the remaining 26 percent is forestland that is managed with a primary focus on
revenue generation (Table 4.2-9).

Therefore, the combined effects of the DNR’s revenue generation and habitat conservation
policy goals are likely to sufficiently limit the effects of the reduction in the number of
sustainable harvest units.

Harvest Levels Based on Volume

Harvest levels can be calculated using either volume or value to represent forest growth.
Either choice is consistent with the law (Revised Code of Washington 79.10.340). If this
policy decision on how to calculate the harvest level were considered in isolation (i.e., no
change in other policies), the choice may be expected to produce differences in forest
conditions in terms of standing volumes. A policy that uses a volume calculation method
(Alternatives 1 through 4) would likely be reflected by silvicultural and harvest regimes
that increase volume. The standing inventory may be expected to increase over time as
rotation lengths extend to maximize volume. A value-based method (Alternative 5 and the
Preferred Alternative) may be expected to reduce standing volume over time, as rotation
lengths reflect an economic rotation. However, this policy choice is not considered in
isolation of other policies, particularly silviculture.

Table 4.2-9. Land Classes for Westside Habitat Conservation Plan Planning

Units
Uplands with Uplands with

HCP Planning Unit Riparian and Wetlands Specific Objectives General Objectives  Total

Acres % Acres % Acres % Acres
Columbia 86,400 32% 99,500 37% 81,600 31% 267,500
North Puget 92,700 24% 205,000 54% 83,800 22% 381,500
OESF 111,300 43% 145,200 57% 256,500
South Coast 81,000 35% 36,700 16% 115,300 49% 233,000
South Puget 34,600 24% 82,1000 58% 25,200 18% 141,900
Straits 20,7000 19% 32,900 30% 56,800 51% 110,400
Total" 426,700 31% 601,300 43% 362,700 26% 1,390,700

Note: the Olympic Experimental State Forest (OESF) is an “unzoned” approach; therefore, there are no acres of Uplands with

General Objectives.

1/ Acreage totals include lands in both short-term and long-term deferral status. This contrasts with other places in the document
where acreages may not include short- and long-term deferral lands.
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For Alternative 5 and the Preferred Alternative the silvicultural regimes are designed to
increase the net present value of the forest stand subject to other objectives, as applicable.
On Uplands with General Objectives, the expected effects may be a reduction in
standinginventory, a younger age class distribution, and a higher percentage of ecosystem
initiation forest. The modeling outputs (Table 4.2-10) support this trend for Alternative 5.
Alternative 3 also demonstrates a similar trend, but this is related more to the level of
harvest, which is influenced by the flow constraint and type of harvest than to the method
of calculation.

Silviculture Activities

The choice of silviculture systems and treatments has the potential to influence forest
conditions at multiple scales, both temporal and spatial. In general, all the Alternatives
assume a continuation of the forest practices of even-aged plantation forestry on portions
of forested trust lands in western Washington. The exceptions to this general statement are
the silvicultural regimes to be developed for Riparian Management Zones and resource
sensitive areas, such as visual areas and areas of slope instability. In these areas, it is more
likely that DNR would develop silviculture prescriptions based on un-even aged
silvicultural systems.

The Preferred Alternative provides policy direction to DNR to implement biodiversity
pathway approaches to silviculture on forested trust lands. The other Alternatives
essentially maintain the status quo on the type of silviculture to be implemented
(Alternative 1, 2, and 3), use more-intensive silviculture (Alternative 5), or use even-aged
silviculture with longer rotations (Alternative 4). The Preferred Alternative focuses the
implementation of biodiversity pathway approaches on Riparian and Wetland Management
Areas and the upland areas designated for habitat management (Olympic Experimental
State Forest; nesting, roosting, foraging, and dispersal areas). The modeling results for
stand development stages illustrate the increase in structurally complex forest for the
Preferred Alternative compared to the other Alternatives (see Figure 2.6-4).

Table 4.2-10. Percentage Change in Standing Forest Inventory in the Uplands
with General Objectives between 2004 and 2067

Percent Standing  Percent Area Change in

Alternatives Volume change Ecosystem Initiation
Alt.1 24% 76%

Alt.2 26% 54%

Alt.3 -10% 100%

Alt.4 12% 76%

Alt.5 -9% 14%
Preferred Alternative 21% 47%

Notes:

Current standing inventory is estimated at 8 billion board feet.
Current area of Ecosystem Initiation is estimated at 39,563 acres.
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A key silvicultural principle of biodiversity pathways is to replicate some of the natural
processes by removing more trees from the stand than in a traditional thinning, thereby
allowing for light and water to encourage growth of understory tree species and other flora.

Depending upon stand conditions, the combination of thinning for variable residual tree
densities, underplanting, vegetation management, and the recruitment of snags and coarse
woody debris is thought to “accelerate” the development of complex structural conditions
in second-growth forests. Exact treatments are dependent upon the stand objectives and site
conditions. For example, forest stands that have a lot of tall trees in them with small
crowns (dense tall stands) are probably not suitable for thinnings that remove a lot of trees
at once (heavy thinnings). However, a combination of removing less trees (lighter
thinning) and patch cuts (1/2 to 10 acres in size) may result in a forest stand that has
improved future structures as the patches provide opportunity for understory trees to
develop.

While biodiversity pathways approaches to silviculture are designed to promote a stand’s
structural development, implementation of these treatments is likely to be limited by
current stand conditions. Analysis of current forest conditions of the riparian-wetland and
designated habitat management areas (770,000 acres) suggests that only about 35 percent
(270,000 acres) is suitable for long-rotation (140-year) silviculture with variable-density
thinnings. Suitability is defined here as conifer-dominated stands that are not in a densely
overstocked state. Variable-density thinnings, with heavy thinning treatments in dense and
especially dense-tall mature stands can be problematic. Removing a large number of trees
from an overly stocked stand to promote understory development may severely increase
the risks of catastrophic blowdown and collapse of the stand. In these cases, other stand-
level prescriptions would be developed. For example, lighter thinnings that maintain more
of the overstory could be used in combination with patch-cutting. For specific stands,
regeneration harvest may be the appropriate option. In practice, for riparian and designated
habitat management areas, DNR forest managers design site-specific prescriptions to meet
Habitat Conservation Plan objectives that account for current conditions.

The forested trust lands in western Washington are dominated by second-growth even-aged
stands (see Figure 2.6-2). The majority of this forestland is dominated by single-canopy
stands with little diversity in tree size or species. These stands are in a competitive
exclusion stage. If these stands were left to develop along nature’s path (i.e., with no
human management), it is unlikely that many would develop into multiple-story
structurally complex stands over the life of the Habitat Conservation Plan. Franklin et al.
(2002) suggested that competitive exclusion in Douglas-fir/western hemlock forests could
be maintained for 100 years or more. One-hundred-year simulations of DNR’s forest
inventory using the USDA Forest Service Forest Vegetation Simulator demonstrated little
change in the forest structure in terms of the area with multiple tree strata (see Appendix B,
Section B.2.2). This is because it takes a long time for nature to lower the number of
dominant canopy trees per acre through natural mortality alone to a level where the
remaining trees can grow to a large size and other trees can then develop under the upper
canopy.
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Even-aged silvicultural systems, in general, are designed to maintain stands in a
competitive exclusion state to maximize volume production per unit area. Therefore, these
systems do not necessarily encourage the development of structurally complex forests.
Even-aged silviculture maintains the live tree density too high for the development of a
functional understory. In addition, some “mortality” that would have been expected as
snags or coarse woody debris is removed during thinning. These thinnings are typically
designed to maintain the health and vigor of the residual growing trees as they get larger
over time.

Shorter rotations as in Alternative 5 may be expected to develop a younger forest over
time. Longer rotations, as in Alternatives 4 and the Preferred Alternative, may be expected
to develop an older forest over time. Longer rotations and older forest stands do not
guarantee that the forest will become more structurally complex. However, longer rotations
do provide more time between disturbances, which may be important for certain flora and
fauna.

Harvest Area

The combination of policy and procedural changes presented in the six Alternatives would
likely result in differing disturbance regimes (i.e., amounts of area harvested) among the
HCP Planning Units. Equally, if a smaller scale is used (e.g., watershed), then differences
among Alternatives might be expected to be more noticeable. While the forest modeling
used to inform the Board of Natural Resources’ policy analysis and this Final EIS are not
designed to produce a site-specific harvest schedule for each forest stand in western
Washington forested trust lands over the next decade, the modeling outputs can be used to
provide a level of information on the likely harvest level at the watershed scale. The
modeling results report only one possible outcome. DNR forest managers will design
actual harvest schedules. It is reasonable to expect that there will be differences between
the processes. Using the modeled outcomes for this Final EIS analysis provides a picture of
the relative differences between Alternatives in terms of the variation of possible harvest
regimes at the HCP Planning Unit and watershed scale. It does not provide a meaningful
schedule of harvest events.

DNR manages forested trust lands in 324 watersheds in western Washington. Watersheds
are represented here by the April 2002 Washington Department of Ecology Watershed
Administrative Unit Geographic Information System coverage and provide a convenient
spatial scale at which to conduct this analysis. Trust ownership in these 324 watersheds
varies from 1 acre (0.003 percent of the watershed area) to 56,800 acres (98 percent of the
watershed area). To simplify this analysis, only the watersheds in the upper quartile of
percent ownership are considered. The threshold, the upper quartile, requires that 22
percent or more of the land in the watershed be DNR-managed forested trust lands. Eighty-
three watersheds meet that ownership threshold, and they represent approximately 68
percent (944,000 acres) of all the forested trust land ownership in western Washington.

The impact of a decade’s cumulative regeneration harvest activity in these 83-watersheds is
presented in Table 4.2-11. As expected, the Alternatives result in differing levels of areas
harvested. The decadal cumulative level of activity is described in three categories: less
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than 10 percent, between 10 and 20 percent, and more than 20 percent of the forested trust
land in the watershed is regenerated over a decade. The groupings are somewhat arbitrary;
however; the group of “more than 20 percent” represents approximately 5 percent of the
regeneration harvest area in decade 1.

Table 4.2-11. Number of Watersheds" with Rates of Regeneration Harvests for
each Alternative over Seven Decades

Level of Alternatives
Regeneration
Harvest Activity
Decade (percent”) 1 2 3 4 5 PA
1-9 46 36 38 36 7 25
1 10-20 27 33 27 23 33 32
>20 8 12 16 23 42 23
1-9 41 24 25 32 4 33
2 10-20 32 40 31 27 24 44
>20 9 18 26 22 53 4
1-9 47 17 20 31 2 31
3 10-20 30 57 56 32 29 49
>20 5 8 6 19 51 2
1-9 52 28 21 29 3 25
4 10-20 25 43 51 47 22 51
>20 5 10 10 6 57 5
1-9 41 16 11 29 3 29
5 10-20 35 55 40 37 51 45
>20 6 11 31 16 28 7
1-9 41 19 17 26 8 30
6 10-20 33 48 40 40 42 43
>20 7 14 24 15 31 8
1-9 75 73 64 75 64 76
7 10-20 3 9 18 6 16 5
>20 0 0 0 0 0 0

Notes:

1/ Values presented in the table represent watersheds where forested trust lands ownership equals 22 percent or greater of the
watershed area and regeneration harvests occur in the decade. Some watersheds do not have harvests in them in a given
decade; therefore, the totals will not add up to 83 watersheds, as discussed in Chapter 4, Section 4.15.

2/ The level of harvest activity is expressed as a percentage of the forested trust lands ownership acreage in a watershed that is
regenerated over a decade period.

PA = Preferred Alternative

Data Source: Model output data — timber flow levels.
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Alternative 5 is projected to have the highest level; regeneration harvest levels of more
than 20 percent of the watershed would affect 42 watersheds in decade 1 (Table 4.4-11).
Alternative 1 and 2 are projected to have the lowest number of watersheds (8 and 12,
respectfully), while the Preferred Alternative (23) and Alternative 3 (16) and 4 (23) have
an intermediate number of watersheds with more than 20 percent of the watershed affected
by regeneration harvest. This trend between the Alternatives is generally repeated over the
seven decades, with the exception of the Preferred Alternative, which after the first decade
is projected to have fewer watersheds in the “more than 20 percent” regeneration group.
This trend for the Preferred Alternative may be due to the high level of regeneration
harvest in stands that are not suitable for long rotation biodiversity management in the first
decade. Similar patterns and trends among the Alternatives are projected at the HCP
Planning Unit scale (see Appendix D.1).

While the above analysis identifies the potential for relatively high harvest rates in some
watersheds, the combination of DNR’s policies of habitat conservation (Riparian
Management Zones and designated habitat management areas) and protection of public
resources applies to all watersheds. For example, riparian and wetland areas and areas of
slope instability are managed with the same objectives as are watersheds that receive lesser
harvest. The distribution of land classes by watershed is presented in Appendix E, Section
E.1. The relative risks of the short-term impacts are identified and assessed at further
planning levels and at the project level. Analysis of the type above and in the Cumulative
Effects section (Section 4.15) will assist in focusing mitigation and planning efforts on the
watersheds that could potentially receive relative high harvest levels.

4.2.5 Old Forest
4.2.51 Affected Environment

There is no single definition of an old forest, sometimes referred to as old growth.
Depending on the definition of these terms, the extent and value of the forest varies. For
some individuals, the definition of old forest is deeply rooted in science; for others, old
forest simply means big trees. To many people, old forests have spiritual or aesthetic
values or are important for recreation. The intangible benefits of old forest will be the
focus of this subsection, and will be measured by the presence of stands with old forest
characteristics. Refer to Section 4.4 (Wildlife) for a discussion of old forest as wildlife
habitat.

In this section, various definitions to describe old forests are used, which include:

o Forest stands older than 150 years of age; and

e Forest stands that have various old forest characteristics, labeled here as “structurally
complex” forests, which include botanically diverse, niche diversification, and fully
functional stand development stages (Table 4.2-4).

In the Olympic Experimental State Forest, 20 percent of forested trust lands are managed
for old forest conditions (DNR 1997, page 1V.88). While the term is not used in this
analysis, the Habitat Conservation Plan glossary provides the following definition for old-
growth forest.
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A successional stage after maturity that may or may not include climax old-growth
species; the final seral stage. Typically contains trees older than 200 years. Stands
containing Douglas fir [sic] older than 160 years, which are past full maturity and
starting to deteriorate, may be classified as old forest. DNR’s GIS forest
classification for old forest is: a dominant DBH (diameter at breast height) of

30 inches or greater; usually more than eight dominant trees/acre; three or more
canopy layers with less than complete canopy closure; several snags/acre with

20 inch dbh or greater; and several down logs per acre with a 24 inch dbh or
greater.”

According to Forest Resource Plan Policy No. 14, about 2,000 acres of old forest
(stands larger than 80 acres and greater than 160 years old) are currently deferred from
timber harvest in Old Growth Research Areas

DNR estimates there are about 341,000 acres of structurally complex forests on western
Washington forested state trust lands. The distribution of these structurally complex acres
among the HCP Planning Units is provided in Table 4.4-1. Field observations and local
research indicate some level of agreement with these estimates; however, the criteria used
to identity old forests and structural complexity will vary depending upon the purpose.
DNR’s stand development stage classification uses criteria principally from studies in the
western hemlock/Douglas-fir forests and may not accurately categorize other forest types,
for example the spruce forests in the Olympic Experimental State Forest.

4.2.5.2 Environmental Effects Associated with Old Forest

Proposed changes to policy and procedures among the Alternatives that would affect old
forest are summarized in Table 4.2-12.

All Alternatives, with the exception of Alternative 5, show an increase in the area of old
forest conditions over the 64-year planning period. Figure 4.2-4 graphically displays the
distribution of structurally complex forest at the end of the planning period. Figure 4.2-5
displays acres of forests 150 years old or greater occurring at the end of the first and last
decades of the analysis period.

Table 4.2-12. Policy and Procedure Changes that Affect Old Forest on Forested
Trust Lands

Alternative
Policy Change Proposed 1 2 3 4 5 PA
Procedure 14-006-090 — Legacy and Leave Tree Levels X X X X X
Manage 10-15% of each Planning Unit in Mature Forest Component X X
Maintain All Stands Greater than 150 Years Old X

PA = Preferred Alternative
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Alternatives 1, 2, 3, 4, and the Preferred Alternative all show that the increase in the
amount of structurally complex forest over the planning period is not large: between 2
percent for Alternative 3 and 17 percent for the Preferred Alternative. The Preferred
Alternative also increases the area of forest in a fully functional condition. This most likely
is the result of silvicultural treatment associated with biodiversity approaches. Alternative 5
displays a slight decrease in structurally complex forests. This is mostly the result of the
combination of large harvest areas in the first half of the planning period and shorter
rotations. The modeling results for Alternative 5 suggest that over the planning period
structurally complex conditions could actually be lost due to harvesting. However, in
practice with a policy of targeting 10 to 15 percent of each HCP Planning Unit’s forested
trust lands to be in structurally complex forest, it is unlikely that any area would be lost.
DNR field foresters would most likely target existing older and more structurally complex
stands for a no harvest regime.

In terms of forest area at or greater than 150 years of age, Alternative 5 and the other
Alternatives all demonstrate increases in areas (Figure 4.2-5). The increase in forest area
with a stand age of 150 years or more is greatest in Alternatives 1 and 4 compared to the
other Alternatives. Both these areas have less on-base acres and less area under harvest in
any decade compared to the other Alternatives (Figure 4.2-5). Alternative 4 also provides
protection to all existing stands over 150 years of age. Alternative 1, however,
demonstrates the effect of maintaining a large part of the land base off-base as an effective
mechanism for developing an older forest. Alternatives 2, 3, and the Preferred Alternative
demonstrate less acreage in 2067 in forest area over 150 years of age than Alternative 1.
For Alternatives 3, 5, and the Preferred Alternative, the differences are approximately
27,000, 52,000, and 34,000 acres.

4.2.6 Forest Health
4.2.6.1 Affected Environment

Forest Resource Plan Policy No. 9, Forest Health, and Guideline 14-004-030, Assessing
and Maintaining Forest Health, both incorporate forest health practices into forest
management, stressing prevention through early detection and management such as the
maintenance of appropriate species and tree density in state forests.

Growing space is the sum of conditions needed for tree growth. Relative density indicates
the amount of growing space occupied by each tree within a forest stand (relative density is
a ratio based on a sampling of tree measurements). Often used as a tool to determine when
thinning is needed to maintain steady stand growth, relative density can also be used as an
indicator of stand health. As competition among trees for growing space increases, relative
density increases and vigor for some trees decline.

Increased susceptibility to insects and disease in densely stocked forest stands is, in part, a
function of the way a tree allocates its food resources or nutrients. Although allocation of
food may vary among tree species and different tree ages, most trees have a set priority for
allocating resources. Maintenance of the tree’s existing living tissue (tree growth) and
reproduction are of higher priority than the production of resistance mechanisms to ward
off insects and disease (Oliver and Larson 1996). High density does not ensure poor stand
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health, because it is not specifically the cause of stress and mortality. Insects, disease, and
environmental factors that cause mortality may affect a stand at any time. However, forest
stands with decreased vigor are more susceptible to these stresses (Drew and Flewelling
1979). The point at which density-caused mortality occurs serves as an indicator of forests
at increased risk for forest health concerns.

The relative density at which competition-related mortality occurs varies by tree species.

e  Western hemlock and Douglas-fir trees dominate the majority of the forest stands on
forested trust lands.

e Douglas-fir dominated stands begin to experience density-related mortality at a relative
density of 50, although some stands do not show mortality until they reach a relative
density of 70 (Curtis 1982; Bailey et al. 1998).

e Western hemlock stands begin to experience density-related mortality at a relative
density of 55 (USDA Forest Service 2002a).

e Red alder stands begin to experience density-related mortality at a relative density of
44 (Puettmann et al. 1993).

Table 4.2-13 shows the relative density level when the susceptibility for competitive
mortality increases for the three major tree species in western Washington forested state
trust lands. Approximately 459,000 acres of Douglas-fir stands, 331,000 acres of western
hemlock stands, and 82,000 acres of red alder stands are nearing or at increased risk to
mortality, based on elevated relative density. Thinning to maintain growth also increases
stand vigor.

The 2002 aerial survey showed that the major causes of damage in western Washington
forests include hemlock looper and black bear (DNR 2003). Hemlock looper is a tree
defoliator that is associated with multi-storied old forest. Its primary hosts are western
hemlock, Douglas-fir, and western red cedar. Outbreaks of hemlock looper have been quite
extensive in recent years, presumably due to drought.

Table 4.2-13. Forests at or Above the Relative Density Levels at Which Tree
Mortality Occurs by Tree Species

Major Dominate Tree Relative Density When Density- Acres on Forested Trust Percent of Total
Species Related Mortality May Begin Land Forested Area

Douglas-fir 50 and above 459,000 33

Western hemlock 55 and above 331,000 24

Red alder 44 and above 82,000 6

Total 872,000 63

Data Source: Model output data (stand development stages).
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Black bear damage increased from about 38,000 acres in 2001 to 172,000 acres in 2002.
Damage to sapling and pole-sized stands can be high. Bears strip the bark to eat the
cambium layer, reducing stand growth and introducing stem decay. Laminated root rot
poses a major threat to its most economically important host, second-growth Douglas-fir.
The disease causes root decay, which can cause significant growth reduction, and makes
trees susceptible to blowdown (Thies and Sturrock 1995). Recently cut stumps are infected
by spores. The disease can remain viable for decades in old stumps and roots. Thinning can
worsen the problem, causing the disease to spread to uninfected trees. Black-stain root
disease is spread by insects, primarily root-feeding bark beetles such as Hylastes nigrinus.
Trees damaged by logging operations, including thinning, have an increased risk of
infection. Soil compaction may also play a role (Otrosina and Ferrell 1995). Treatment of
root disease generally is by removing the diseased trees. The area is typically then
reforested with a less susceptible tree species (DNR 1997).

Bark beetles are usually associated with events that kill or weaken trees, such as windthrow
or drought. When populations increase, bark beetle will attack healthy trees.

Fire Risk

The operation of logging equipment can ignite a forest fire, especially when surface fuels
(slash) associated with logging are present. Additionally, intensive management requires
greater access, which may lead to increases in human-caused fires. Fire intensity and
expected fire spread rates increase in areas adjacent to harvest. This analysis uses the level
of harvest intensity by Alternative to evaluate fire risk.

4.2.6.2 Environmental Effects Associated with Forest Health

There are no proposed changes in policy, procedures, or tasks among the Alternatives that
specifically address forest health. However, proposed policy changes that affect harvest
intensity and, consequently, forest structures across the landscape can affect forest health.
(Refer to Appendix D for a discussion on harvest intensity.)

Under Alternatives 1, 2, and 4 there would be a slight increases in the acres of forest stands
with a high relative density (Table 4.2-14). Only Alternatives 3, 5, and the Preferred
Alternative illustrate any reduction in area of stands with high relative density. Intensive
management that includes regeneration harvest and aggressive thinning strategies under
Alternative 5 would result in the greatest reduction of acres with high relative densities
(Table 4.2-15).

The high levels of moderate to heavy thinning associated with Alternative 5 and the
Preferred Alternative could increase the risk of tree mortality and growth loss from root
disease (Thies and Sturrock 1995) and windthrow if harvest is not properly designed and
implemented. Bark beetle tree mortality is generally associated with weakened or dead
trees. Windthrow would increase the risk of beetle population increases and consequent
tree mortality from bark beetles. Therefore, additional resources and staff would need to be
committed to ensure that harvests are carefully planned and administrated.
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Table 4.2-14. Percent of Total Forested Acres with Elevated Relative Density

Levels over the Planning Period by Alternative"

Dominant Analysis Period

Alternative  Tree Species 2004 2008 2013 2031 2048 2067
1 Douglas-fir 33% 34% 37% 38% 33% 34%
W. Hemlock 24% 29% 30% 31% 24% 29%

Red Alder 6% 6% 5% 5% 6% 6%

Total Acres 63% 68% 72% 73% 63% 68%

2 Douglas-fir 33% 32% 37% 36% 33% 32%
W. Hemlock 24% 28% 28% 28% 24% 28%

Red Alder 6% 6% 5% 5% 6% 6%

Total Acres 63% 66% 70% 69% 63% 66%

3 Douglas-fir 33% 30% 32% 33% 33% 30%
W. Hemlock 24% 29% 26% 28% 24% 29%

Red Alder 6% 6% 5% 5% 6% 6%

Total Acres 63% 65% 64% 66% 63% 65%

4 Douglas-fir 33% 34% 37% 36% 33% 34%
W. Hemlock 24% 28% 29% 29% 24% 28%

Red Alder 6% 5% 5% 5% 6% 5%

Total Acres 63% 67% 70% 70% 63% 67%

5 Douglas-fir 31% 28% 27% 30% 31% 28%
W. Hemlock 24% 28% 23% 27% 24% 28%

Red Alder 6% 5% 5% 4% 6% 5%

Total Acres 61% 60% 55% 61% 61% 60%

Preferred Douglas-fir 33% 31% 34% 28% 33% 31%
Alternative W. Hemlock 24% 25% 26% 26% 24% 25%
Red Alder 6% 5% 3% 6% 6% 5%

Total Acres 63% 61% 63% 60% 63% 61%

1" See Table 4.2-13 for relative density levels when tree mortality occurs by tree species.
Data Source: Model output data - stand development stages.

Table 4.2-15. Harvest in Riparian Zones and Percent of Forest with Botanical
Diversity, by Alternative

Average Percent of Riparian Land Class Impacted per

Decade by Harvest Type
. Percent of Forested Acres
Low Volume Medium Volume High Volume . . .
. Removal Removal Removal (Uplal.ld amil Rlp.ari‘;lfl) with
Alternative Harvest V Harvest? Harvest” Total Botanical Diversity™ in 2067
1 1 0 1 2 30
2 1 0 3 4 30
3 1 0 3 5 29
4 2 1 2 5 30
5 4 0 3 7 29
PA 1 2 6 8 33
Data Source: Model output data — timber flow levels and stand development stages.
1/ Less than 11 thousand board feet per acre volume harvests
2/ Between 11 and 20 thousand board feet per acre volume harvests
3/ Greater than 20 thousand board feet per acre volume harvests
4/ Includes botanically diverse, niche diversification, and fully functional forest stages
PA = Preferred Alternative
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The risk for hemlock looper outbreak may increase slightly under all Alternatives because
all Alternatives promote multi-layered canopy forest structure; however, looper is
generally associated with old forests and drought (DNR 2003).

Alternatives that feature thinning entries (such as Alternative 5 and the Preferred
Alternative) could increase the risk of diseases spread through wounds made by logging
equipment (Otrosina and Ferrell 1995).

Alternatives that have the greatest amount of forest in the sapling and pole exclusion stages
would have the greatest risk for bear damage. At the end of the planning period (2067),
Alternatives 1 and 4 would have the least area at risk of bear damage, with 20 and 19
percent of the forested trust lands in sapling and pole exclusion stands, respectively (Table
4.2-8). Alternatives 2, 3, 5, and the Preferred Alternative would have a greater percent of
the area in these stand development stages—between 26 and 35 percent of forested trust
lands would be in sapling and pole exclusion stand development stage at the end of the
planning period.

Fire Risk

Harvest intensity under Alternatives 1, 2, and 4 would be relatively low. The risk for
wildfire associated with operator fires and logging residue would be similar to the existing
risk under these Alternatives. Harvest intensity under Alternative 3 would fluctuate over
time. Regeneration harvest would be higher than the other Alternatives in the first decade
but would decrease over time. Fire risk under Alternative 3 would be highest in those years
when harvest intensity is high (Appendix D). Alternative 5 and the Preferred Alternative
would have the highest harvest intensity levels over the duration of the planning period,
with Alternative 5 slightly higher than the Preferred Alternative. The higher number of
harvested acres would increase the risk of a fire compared to the other Alternatives. Under
all Alternatives, fire risk would be mitigated by treatment of logging slash after the timber
has been harvested if it is determined to be an extreme hazard (DNR 1992b). Slash
treatments are designed to burn, remove, or rearrange the slash to reduce fire risk. In
periods of high fire risk, logging operations are normally suspended, thereby mitigating
fire risk during logging operations.

4.2.7 Carbon Sequestration

Carbon, primarily in the form of carbon dioxide, is one of the major greenhouse gases that
are being released into the atmosphere (McPherson and Simpson 1999). The global carbon
cycle involves the earth’s atmosphere, fossil fuels, the oceans, and the vegetation and soils
of the earth’s terrestrial ecosystems. Gases that make up the earth’s atmosphere, such as
carbon dioxide, methane, nitrous oxide, and water molecules, trap the sun’s heat, creating a
natural “greenhouse effect” that makes life on earth possible (McPherson and Simpson
1999). These gases are released into, and removed from, the atmosphere by a variety of
natural sources and sinks.

Forestlands have the capacity to absorb large quantities of carbon dioxide emissions and
sequester carbon for potentially long periods of time (Binkley et al. 1997). Forests have the
potential to store a great deal more carbon than they currently do (Harmon 2001), which, in
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turn, may temporarily slow the increase of atmospheric carbon dioxide concentrations.
Although studies have shown that intensive forest management can lead to increased rates
of carbon dioxide sequestration (Schroeder 1991; Binkley et al. 1997), other research
suggests that not all forestry-related projects are equally likely to sequester carbon and that
some may actually release carbon to the atmosphere (Harmon 2001).

The term “carbon sequestration” refers to the removal of carbon dioxide from the
atmosphere, and the long-term storage of carbon as trees or as products such as lumber
(U.S. Department of Energy, Office of Fossil Energy 2001). Forest carbon sequestration
refers to the annual rate of storage of carbon dioxide in both aboveground and
belowground biomass over the course of a growing season (McPherson and Simpson
1999).

Carbon sequestration depends on tree growth and mortality. Newly planted forests
accumulate carbon rapidly for several decades and then sequestration declines as trees
mature and growth slows, resulting in less new wood being produced each year. Old
forests can release more carbon from decay than they sequester in new growth. It can take
several decades or longer for large trees to decay, and old forests generally store
considerable amounts of carbon on the forest floor. However, while old forests can
maintain a large amount of stored carbon, they reach a point at which they no longer add
additional carbon to their stockpile of stored carbon. Harvesting large trees, storing the
wood as lumber in buildings, and replanting the area with young, fast-growing trees can
add to the stockpile of stored carbon.

4.2.71 Affected Environment

Approximately 68 percent of western Washington forested state trust lands are in
competitive exclusion and understory development stages. During the sapling and pole
exclusion stages, trees begin to compete for space, light, and nutrients; ultimately the taller,
faster-growing trees become dominant, causing mortality in the suppressed, smaller trees
and creating the first cohort of small snags. Following mortality, decay will cause a release
of carbon back to the atmosphere. Additional releases of carbon will come from those trees
that are suppressed and ultimately die during the large tree exclusion stage. These larger
stems, trees over 20 inches diameter at breast height, have sequestered considerably more
carbon than those stems in the sapling and pole exclusion stages. An acre of trees in the
sapling and pole stage may accumulate between 5 and 10 tons per acre, while a stand with
fewer but larger trees may accumulate carbon at two to three times that rate (McPherson
and Simpson 1999). Based on research by Schroeder (1991), thinning of very dense
younger stands could increase carbon storage by concentrating growth into crop trees that
eventually are used to produce lumber and other products.

Research conducted by Haswell (2000) indicates that lengthening rotation increases the
aboveground carbon storage. Extending the rotation age from 40 to 65 years resulted in a
41 percent increase in aboveground carbon storage. Also, larger diameter trees achieved
through longer rotation lengths are more likely to produce wood products, such as lumber
used in building construction, that will store carbon over long periods of time. The
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management regime affects the nature of the forest products carbon pool (short rotations
tend to produce a higher fraction of short-term products such as paper and cardboard).

4.2.7.2 Environmental Effects Associated with Carbon Sequestration

Estimating the effects of the proposed Alternatives on carbon sequestration is complex.
There are many factors that affect sequestration and storage; some components of an
Alternative may contribute to a net removal of carbon while some components may offset
those gains. Much of the western Washington forested state trust lands support stands in
the large stem exclusion and understory re-development stages. Alternatives that propose
passive management, Alternatives 1 and 4, would allow much of this area to develop
naturally. These stands contain many small trees that will die over the next 2 to 3 decades,
allowing the remaining trees to grow and sequester additional carbon. However, the small
trees that die will decay over this period, releasing carbon into the atmosphere and
offsetting carbon sequestration by living trees, resulting in little or no net gain. Also, these
stands have a higher risk of fire because of the heavier fuel loads created by dead and
dying trees. If these stands do burn, large amounts carbon would be released. Alternatives
that thin these stands (Alternative 5 and the Preferred Alternative), converting a portion of
the trees that would likely die into lumber, would increase the net amount of stored carbon
because the buildings created with the lumber are likely to last much longer than it would
take for these trees to die and decay if left uncut.

Alternatives with longer rotation lengths and intermediate thinnings could increase
aboveground carbon storage compared to Alternatives with shorter rotation lengths and no
thinnings. Alternatives 1 and 4 are projected to produce more large trees (trees greater than
20 inches diameter at breast height) and, therefore, are likely to store more carbon on site
than the other Alternatives. The Preferred Alternative has the next highest distribution of
forested acres with large trees, which would likely result in the next highest amount of
carbon sequestered and stored on site, followed by Alternatives 2, 3, and 5. However, long-
term storage is also affected by the decay of trees and down wood.

While Alternatives 1 and 4 would grow more large trees, they would also harvest less
wood than other Alternatives and use less thinning to reduce within-stand competition and
tree mortality. More young trees would die and decay, releasing carbon into the
atmosphere. Alternatives that concentrate tree growth into crop trees that are harvested and
converted to wood products used in buildings would store carbon for longer periods.

In terms of carbon sequestered in lumber and other wood products over the period of
analysis, Alternatives 2, 3, 5, and the Preferred Alternative are projected to produce the
highest harvest volumes per decade. Much of this volume is projected to be from large
trees by the end of the planning period (2067). Harvested trees are likely to be processed
into long-term wood products, such as lumber used in building and home construction, and
would maintain sequestered carbon well beyond the planning period. Alternatives 4 and 1
are projected to produce the lowest harvested volumes. Alternatives 1 to 4 are likely to
store less carbon in the long term than the other Alternatives.
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4.2.8 Threatened, Endangered, and Sensitive Plants
4.2.81 Affected Environment

The Washington Natural Heritage Program maintains a list of threatened, endangered, and
sensitive plant species known to occur in each county. The list is derived from a
comprehensive Geographic Information System database of known occurrences of
threatened, endangered, and sensitive plants in the state. Appendix D contains a list of
threatened, endangered, and sensitive species that either occur or may occur in the general
area of forested trust lands. The list is compiled from threatened, endangered, and sensitive
species lists for each county that includes western Washington forested state trust lands.
The table also includes the habitat requirements for each species and known occurrences of
threatened, endangered, and sensitive plants on the forested trust lands.

As shown in Appendix D, many threatened, endangered, and sensitive plant habitats, such
as alpine, beach, exposed rock, or exposed grassy bluff, are not likely to be affected by
harvest or harvest-related activities. Other habitats such as meadows, prairies, or forest
openings may not support trees for harvest but may be adjacent to harvest areas and could
potentially be affected by harvest activities. The species that occur in forested habitat,
including microhabitats in forests such as forest openings, have a higher likelihood of
being affected by harvest or harvest-related activities.

No comprehensive inventory of threatened, endangered, and sensitive plants exists for the
forested trust lands. The known occurrence lists do not represent a full inventory. A list of
potential species for individual projects can be developed from the Washington Natural
Heritage Program database on threatened, endangered, and sensitive species by county.

DNR management activities on all forested trust lands follow Forest Resource Plan Policy
No. 23, Endangered, Threatened, and Sensitive Species. The policies and regulations that
govern the management of threatened, endangered, and sensitive plants on forested trust
lands can be found in Appendix C. DNR’s rare plant database is generally reviewed for
known occurrences of listed threatened, endangered, and sensitive plants during planning
of timber management activities (personal communication with F. Caplow, Washington
Natural Heritage Program). There are no DNR procedures requiring review of known
occurrences or avoidance of threatened, endangered, and sensitive plants during operations.
However, the Habitat Conservation Plan’s protection of rare habitats, cliffs, talus slopes,
combined with wetland and riparian management measures, provide some incidental
protection. The limitations of activities in these areas reduce the likelihood of physically
disturbing threatened, endangered, and sensitive plant populations that may exist in these
areas.

4.2.8.2 Environmental Effects Related to Threatened, Endangered, and
Sensitive Plants

Direct effects to threatened, endangered, and sensitive plants include physical damage or

destruction of the plant due to harvest or related activities. Indirect effects include changes

in the micro-environment, such as changes in canopy (i.e., available sunlight), changes in

hydrology, and increases in competition from weeds or other native species. The range of

effects is wide and varied because there are many threatened, endangered, and sensitive
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plant species with different habitat requirements and life histories. Therefore, each species
would potentially have a different sensitivity to particular disturbances. For example, while
one species may benefit from additional light due to a reduced canopy cover, another could
be negatively affected by direct sunlight.

Comparison of Alternatives

The Alternatives considered in this analysis do not propose any policies or procedures
changes related to the management of threatened, endangered, and sensitive plants. The
management of these plants is identical under all Alternatives. The difference in effects
among the Alternatives would, therefore, be a function of acres of harvest in habitats that
may contain threatened, endangered, and sensitive plants. Because the locations of these
plant populations are not known, it is assumed that more harvest and harvest-related
disturbance has a greater probability of physically disturbing such populations or their
habitat. For this analysis, areas that may experience harvest activities and where
threatened, endangered, and sensitive plants can occur are considered. These include both
riparian and upland areas.

RIPARIAN AREAS

Differences among Alternatives in policies and procedures for managing Riparian
Management Zones would affect the amount of harvest within the Riparian Management
Zone boundaries. The level of harvest or harvest-related activities in the Riparian Land
Class is expected to be related to the potential to disturb or harm a threatened, endangered,
and sensitive plant population. More harvest per acre has more potential to physically
disturb a plant population. The Preferred Alternative has the highest level of harvest
activities, an average of 8 percent of the Riparian Area may be affected based on model
results (Table 4.2-15). Therefore, the Preferred Alternative is expected to have the highest
probability of affecting threatened, endangered, and sensitive plant populations in riparian
or wetland habitats. This is followed by Alternative 5 at approximately 7 percent per
decade, Alternatives 3 and 4 at 5 percent per decade, and Alternative 2 at 4 percent per
decade. Alternative 1 at 2 percent per decade would have the lowest total harvest in
Riparian Areas.

UPLAND AREAS

Diversity of habitats appears to be relatively limited in a fully stocked, young forest

(Spies and Franklin 1991), and species diversity is likely to be low. With time, a forest can
form a well-developed, multi-layered understory and can become botanically diverse
(Carey et al. 1996; Franklin and Spies 1991). A natural consequence of a stand aging is an
increase in structural complexity and microsite diversity. Diversity in microsites offers a
diversity of habitats and opportunity for species with different habitat requirements to
exist. As a stand ages beyond a young forest with a closed canopy, species diversity is
expected to increase (Scientia Silvica 1997).

While it is not known whether habitats for specific threatened, endangered, and sensitive
plants are developed as harvested areas regenerate, it is expected that as stands develop
structural complexity, a more botanically diverse understory would develop, possibly
including microhabitats that could potentially support these species. Forest stand
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development stages that have had sufficient time to develop structural complexity, an
understory, and botanically diverse include botanically diverse, niche diversification, and
fully functional forest. The effects of harvest on the botanical diversity of these forest stand
development stages are discussed in Section 4.2.4.2 of this document and summarized in
Table 4.2-8.

The model results show a difference between Alternatives in the acreage that is expected to
be in botanically diverse stand development stages by the end of the analysis period
(2067). The Preferred Alternative would have the largest portion of forested trust lands (33
percent) in stand development stages with botanically diverse by the year 2067. Therefore,
the Preferred Alternative is expected to have developed the largest area with diversity of
habitats in forested areas. The Preferred Alternative is followed by Alternatives 1, 2, and 4,
with 30 percent, and Alternatives 3 and 5, with 29 percent of acres that would be expected
to be in stand development stages with high levels of botanically diverse by the year 2067.

In summary, for riparian habitats, Alternative 1 is expected to have the least potential to
affect threatened, endangered, and sensitive plants and the Preferred Alternative would
have the greatest potential. However, for forested areas as a whole, the Preferred
Alternative would be expected to provide the most acres of diverse habitat to support
threatened, endangered, and sensitive plants. In all Alternatives, site-specific analysis
would determine the likely effects of individual harvest proposals.

Forest Structure and Vegetation 4-34 Final EIS



Chapter 4

4.3 RIPARIAN AREAS
4.31 Summary of Effects

This section analyzes the environmental effects on riparian resources. The analysis
examines the current policy and procedures and the future changes proposed to them under
the Alternatives. This analysis also allows DNR to assess relative risks that are qualified
using modeling outputs.

The distribution of stand development stages within Riparian Areas suggests that,
compared to historic unmanaged stands, many moderate to large streams on western
Washington forested state trust lands may have reduced levels of multiple riparian
functions because of decreased levels of large, fully functioning stands. Riparian areas for
smaller streams may have adequate shade and size for potential in-stream large woody
debris, but may be deficient in decadent features and other riparian functions important to
wildlife and other riparian-dependent species. Many Riparian Areas currently contain
moderate to high levels of early stand development stages, and are not likely to change in
the near future. Thinning can reduce the time necessary to produce very large trees and
reduce the time needed to increase stand complexity.

Removing trees within the Riparian Management Zone may temporarily reduce the level of
some riparian functions, but the extent of the reduction depends on where trees are
removed, site specific conditions, the amount of trees removed, and the particular riparian
function being considered (Washington Forest Practices Board 2001). Such near-term
impacts would have to be considered against the potential to accelerate functional

recovery. The degree to which moderate intensity timber management would affect near-
term riparian function is uncertain. However, active forest management can change species
and stand composition and accelerate the development of more complex stand structures
(Carey et al. 1996). Such events would help to restore long-term riparian functioning but
may have some short-term adverse effects.

Each Alternative proposes different levels of harvest activities in Riparian Areas (Table
4.3-2). During the remaining period of the Habitat Conservation Plan, Alternatives with
lower levels of activity, such as Alternatives 1, 2, 3, and 4, are expected to have a higher
proportion of Riparian Area with large and very large trees that are in competitive
exclusion stages. In contrast, Alternatives with higher levels of active management, such as
the Preferred Alternative, are expected to have more Riparian Area that will be fully
functioning. (Descriptions of these stand development stages are provided in Appendix B,
Section B.2.3.), or be on a trajectory towards full function. Regardless, riparian conditions
are expected to improve under all Alternatives relative to current conditions. This is due to
changes in stand structure, particularly increases in the amount of stand development
stages that include large and very large trees, which are in moderate supply throughout
much of the western Washington forested state trust lands (see Figure 4.3-2). The rate of
improvement in structurally complex forests overall is similar among most Alternatives,
though the Preferred Alternative performs better through 2067. When looking at the two
most complex stages of niche diversification and fully functional forests, the Preferred
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Alternative accounts for more than 13 percent of Riparian Areas by 2067 compared to
about 7 percent for Alternative 1.

4.3.2 Introduction

This section describes the riparian ecosystem and its various functions, the current
condition of riparian areas on forested trust lands, the types of allowable activities in
Riparian Management Zones, and the likely effects of the Alternatives on the condition of
riparian areas. Although riparian areas include in-stream habitat and stream channels,
adjacent floodplains, and wetlands (which often include seeps and springs), this section
focuses on stream riparian areas. A discussion of riparian buffer protection for wetlands
can be found in Section 4.9 (Wetlands).

A wide variety of hydrologic, geomorphic, and biotic processes determine the character of
riparian areas. Riparian areas have distinctive resource values and characteristics that make
them important zones of interaction between terrestrial and aquatic ecosystems.

On forested trust lands, riparian functions are protected through the use of Riparian
Management Zones, where the amount and type of management activities that can be
implemented are restricted to meet the Habitat Conservation Plan’s conservation
objectives. During the scoping for this Environmental Impact Statement, the amount of
activity in Riparian Management Zones was identified as an important issue, particularly
concerning activities for restoration of targeted riparian functions.

4.3.3 Affected Environment

This section provides a short discussion of riparian functions. It also discusses the current
condition of riparian areas on forested trust lands.

4.3.3.1 Riparian Functions

The most important recognized functions of stream riparian areas include large woody
debris recruitment, leaf and needle litter recruitment, stream shade, microclimate,
streambank stability, and sediment control. To understand the impacts of various
management actions, it is important to understand these functions. Many authors have
reviewed these functions (e.g., Murphy and Meehan 1991; Forest Ecosystem Management
Assessment Team 1993; Spence et al. 1996; DNR 1996 [pages [V-145 to IV-175];
Washington Forest Practices Board 2001 [pages 3-36 to 3-40]), and their work provides the
basis for this analysis.

Large Woody Debris Recruitment

Large woody debris includes entire trees, rootwads, stems, and larger branches. The
Washington Forest Practices Board (1995) defines large woody debris as pieces greater
than 4 inches in diameter and more than 6.5 feet in length. Riparian areas are an important
source of large woody debris that can be recruited to the stream channel. Large woody
debris recruitment originates from a variety of processes, including tree mortality
(toppling), windthrow, undercutting of streambanks, debris avalanches, deep-seated mass
soil movements, and redistribution from upstream (Swanson and Lienkamper 1978). The
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loss of large woody debris results from breakage, decomposition, and redistribution
downstream.

Numerous studies have shown that large woody debris is an important component of fish
habitat (Swanson et al. 1976; Bisson et al. 1987; Naiman et al. 1992) and that it is critical
for sediment retention (Keller and Swanson 1979; Sedell et al. 1988), gradient
modification, structural diversity (Ralph et al. 1994), nutrient production and retention
(Cummins 1974), and protective cover from predators.

There is a strong relationship between channel width and the size (diameter, length, and
volume) of large woody debris that forms a pool, an important component to fish habitat
(Bilby and Ward 1989). Large woody debris that is large enough to form a pool is referred
to as “functional large woody debris,” and can have a minimum size of about 12 inches in
diameter in small streams (Bilby and Ward 1989). Even larger woody debris that is also
effective in trapping smaller more mobile pieces of large woody debris (i.e., forming
logjams), and more likely to have long-term stability is sometimes referred to as “key piece
large woody debris.” Key piece large woody debris is considered by some to be a better
measure of the important wood recruitment sizes with a minimum size of 16.5 inches in
diameter for small streams (Washington Forest Practices Board 1995).

The relationship between large woody debris size and function needs to be evaluated when
considering activities in buffer strips. Riparian Management Zones need to ensure not only
an appropriate amount or volume of wood, but wood of sufficient size to serve as both
functional and key pieces (Murphy 1995). Consequently, the size distribution and type of
trees present in the riparian zone are important factors for maintaining adequate large
woody debris recruitment. Measurable contributions of wood from second-growth riparian
areas are documented to take anywhere from 60 to 250 or more years, depending on region
and size of stream (Grette 1985; Bilby and Wasserman 1989; Murphy and Koski 1989).
Conifers tend to have a larger potential maximum size and decompose more slowly than
hardwoods, but they also tend to grow more slowly, particularly in unmanaged conditions,
than most western Washington hardwoods.

Leaf and Needle Litter Production

In aquatic systems, some vegetative organic materials (such as algae) originate within the
stream while others (such as leaf and needle litter) originate from sources outside the
stream. Stream benthic communities (e.g., aquatic insects) are highly dependent on
materials from both sources. The abundance and diversity of aquatic species can vary
significantly depending upon the total and relative amounts of algae, leaf, and litter inputs
to a stream (IMST 1999).

Most of the vegetative organic debris input into small- and medium-sized streams comes
from outside the stream, through the annual contribution of large amounts of needles,
leaves, cones, wood, and dissolved organic matter (Gregory et al. 1991; Richardson 1992).
In contrast, wide high-order (larger) streams with higher levels of direct sunlight, or low-
order (smaller) streams with an open riparian canopy also rely on in-stream processes such
as algae production for organic material input. The source and level of organic debris input
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can change in a riparian stand. For example, as a riparian stand ages, the amount of litter-
fall increases (IMST 1999).

The importance of leaf and needle litter input varies among streams, but it can provide up
to 60 percent of the total energy input into stream communities (Richardson 1992). Litter
deposited into small, steep-gradient streams in forested areas high in a watershed is
generally transported downstream, because higher gradient streams are less likely to retain
deposited organic material until it has decomposed. Therefore, small (low-order) streams
are important sources of nutrients and contribute substantially to the productivity of larger
streams in the lower reaches of a watershed (IMST 1999).

Stream Shade

Stream temperature is an important factor affecting the types of aquatic life that can live in
a stream, and all aquatic organisms have a temperature range outside of which they cannot
exist. Stream temperature also influences water chemistry, which can affect the amount of
oxygen present to support aquatic life. Stream shade is an important factor affecting stream
temperature. Several factors control the heat balance of water in streams, including air
temperature, solar radiation, evaporation, convection, conduction, and advection (Brown
1983; Adams and Sullivan 1990). Stream temperatures have a natural tendency to warm
from the headwaters of a stream to the ocean (Sullivan et al. 1990; Zwieniecki and Newton
1999). However, seasonal and daily cycles produce a high degree of variability in-stream
temperature.

Summertime temperatures are of particular interest in western Washington. During the
summer, when stream temperatures are the highest, the major factors affecting stream
temperature are warmer air temperatures, increased direct solar radiation, and decreased
stream flows (Beschta et al. 1987). Forest management activities can have the greatest
effect on direct solar radiation by reducing or promoting shade. Shade cannot physically
cool a stream down, but it can prevent further solar heating and thus maintain the water
temperature from groundwater inputs or tributaries. Shade provided by riparian vegetation
has been shown to be successful in minimizing or eliminating increases in-stream
temperature associated with timber harvest (Brazier and Brown 1973; Lynch et al. 1985).
Other factors that affect shading include stream size and stream orientation, local
topography, tree species, stand age, and stand density.

Microclimate

Microclimates tend to vary greatly across the landscape. Each microclimate is a collection
of variables that are highly dependent on local conditions. Important components of
microclimate include solar radiation, soil temperature, soil moisture, air temperature, wind
velocity, and air moisture or humidity (reviewed in Spence et al. 1996; Forest Ecosystem
Management Assessment Team 1993).

Removing streamside vegetation may result in changes in microclimatic conditions within
the riparian zone. These changes can influence a variety of ecological processes that may
affect the long-term integrity of riparian ecosystems (Spence et al. 1996). For example,
many of the variables considered in microclimate studies (air temperature, humidity, wind
velocity) are also variables that affect water temperature (Sullivan et al. 1990).
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Microclimate is also important to stream/riparian species other than fish, such as
amphibians.

In general, due to their low-lying position on the landscape, riparian areas tend to be cooler
than the surrounding hillslopes, especially during the night. Because riparian areas are
adjacent to water bodies, they often have a higher relative humidity under the canopy than
similar upslope areas. This increase in humidity combined with shading effects can cause
intact forested riparian areas to have a moderating effect on microclimate (Beschta and
Boyle 1995).

Sediment Control and Streambank Stability

The delivery of fine and coarse sediment to streams can lead to stream channel instability,
pool filling by coarse sediment, creation of spawning gravels, or introduction of fine
sediment to spawning gravels. Sediment can be delivered to the aquatic system as surface
erosion (mostly fine sediment) generated from harvest units, skid trails, and roads or
stream crossings within the riparian area. It can also be delivered as landslides or debris
torrents (coarse and fine sediments), whether initiated naturally or in harvested areas on
unstable slopes. Additional discussion of surface erosion and landslides is provided in
Section 4.6, Geomorphology, Soils, and Sediment.

Timber harvest activities can alter watershed conditions by changing both quantity and size
distribution of sediment delivery to streams. Streamside buffer strips can significantly
reduce the amount of coarse sediment that reaches a stream, by filtering it through the
vegetation. Similarly, buffer strips can limit the amount of fine sediment that reaches a
stream from surface erosion by physically obstructing or inhibiting the movement of the
sediment into the water. The ability of riparian buffer strips to control sediment inputs in
this manner depends on several site characteristics, including the presence of vegetation or
organic litter, slope, soil type, and drainage characteristics.

Landslides are important to riparian areas as a natural disturbance mechanism and are
episodic sources of large woody debris, as well as fine and coarse sediment in streams.
They are part of the natural processes that create and/or maintain riparian functions. Debris
slides are the most common landslides on steep forestlands. More intense types of slides
include debris torrents and debris flows, which may follow existing stream channels. Major
storms can increase the rate and intensity of landslides. Sidle et al. (1985) summarized
several studies indicating that slope stability depends partly on reinforcement from tree
roots, especially when soils are partly or completely saturated. In addition to having
significant impacts on the stream channel, debris torrents can also affect riparian buffer
functions and streamside forests when bank scour removes streamside vegetation.

The stability of streambanks is largely determined by the size, type, and cohesion of the
soil profile; vegetation cover; root mass; and the amount of bedload carried by the channel
(Sullivan et al. 1987). Riparian vegetation can provide hydraulic roughness that dissipates
stream energy during high or overbank flows, which further reduces bank erosion. In most
cases, vegetation immediately adjacent to a stream channel is most important in
maintaining bank integrity (Forest Ecosystem Management Assessment Team 1993).
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However, in wide valleys with shifting stream channels, vegetation throughout the
floodplain or channel migration zone may also be important over longer time periods.

4.3.3.2 Current Management Direction

Procedures 14-004-150 (five Westside HCP Planning Units) and 14-004-160 (the Olympic
Experimental State Forest HCP Planning Unit) for Identifying and Protecting Riparian and
Wetland Management Zones have been developed to implement the Forest Resource Plan
policy and Habitat Conservation Plan (HCP) conservation strategy. Currently, the Riparian
Conservation Strategy for the HCP has not been completely implemented. Procedure 14-
004-150 is interim until the permanent procedure is developed and approved by the Federal
Services. A permanent strategy is currently under development and review by DNR and
Federal Services staff (Washington DNR 2004). Under the current interim procedure,
timber harvest is not allowed within Riparian Management Zones except for yarding
corridors, road-stream crossings, and road-building. Other management activities can only
occur with specific approval by the State Lands Assistant. Additional details concerning
DNR riparian policies and Procedures 14-004-150 and 14-004-160 can be found in
Appendix C.

4.3.3.3 Current Riparian Conditions

As described in Section 4.2 (Forest Structure and Vegetation), stand developmental stages
can be a useful measure for describing forest structural conditions, including those found in
riparian stands. Figure 4.3-1 and Table 4.3-1 depict the distribution of stand development
stages in the Riparian land class for the five westside HCP Planning Units and the Olympic
Experimental State Forest. The Riparian land class includes stream and wetland riparian
buffers plus their associated wind buffers. Under the Habitat Conservation Plan some
locations require wind buffers; for the purpose of uniform analysis, wind buffers are
assumed to be required. The stand development stages are described in detail in

Appendix B.

Historically, Pacific Northwest forests (including riparian areas) were a mosaic of different
forest types and ages. Large areas of “old growth” forest were common (Franklin et al.
1981), which is interpreted in this EIS to mean forest stands in the fully functioning stand
development stage. However, compared to upland forests, riparian areas are more
frequently disturbed by fluvial processes and can have more diverse stands than upland
areas (Agee 1988). The National Marine Fisheries Service (1996) considers watersheds
with riparian areas at least 50 percent similar to the “potential natural community” as being
“properly functioning.” Those between 25 to 50 percent similar are considered “at-risk,”
and those with less than 25 percent are considered “not properly functioning.” Such ratings
tend to be relative, not absolute. There is also substantial variability in what constitutes a
natural community, depending upon the nature and distribution of the riparian communities
within a given stream reach and the localized disturbance history.

As described in Section 4.2 (Forest Structure and Vegetation), stand developmental stages
can be a useful measure for describing forest structural conditions, including those found in
riparian stands. Figure 4.3-1 and Table 4.3-1 depict the distribution of stand development
stages in the Riparian land class for the five Westside HCP Planning Units and the
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Olympic Experimental State Forest. The Riparian land class includes stream and wetland
riparian buffers plus their associated wind buffers. Under the Habitat Conservation Plan,
some locations require wind buffers; for the purpose of uniform analysis, wind buffers are
assumed to be required. The stand development stages are described in detail in
Appendix B.
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Ecosystem Sapling Exclusion  Pole Exclusion Large Tree Understory Botanically Niche Fully Functional
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Stand Development Stages

Figure 4.3-1.  Distribution of Stand Development Stages within the Riparian
Land Class on DNR Forested Trust Lands

Data Source: Model output data — stand development stages
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Table 4.3-1. Distribution of Stand Development Stages within Riparian Areas”
Among the Five Westside HCP Planning Units and the Olympic
Experimental State Forest
Stand Olympic
Development North  South  Columbi  South Experimental

Stage Puget  Puget a Coast State Forest Straits Total
Ecosystem 5.4% 5.1% 4.7% 4.8% 5.3% 4.9% 5.0%
Initiation
Sapling Exclusion  14.6%  14.7% 12.4% 13.7% 25.0% 13.6% 16.6%
Pole Exclusion 16.4%  22.2% 22.3% 16.4% 29.6% 18.3% 21.6%
Large Tree 15.5%  14.3% 26.6% 26.8% 5.5% 14.0% 17.1%
Exclusion
Understory 18.1%  15.5% 11.5% 19.1% 6.3% 20.7% 13.8%
Development
Botanically 27.9%  28.1% 21.6% 19.1% 26.3% 28.3% 24.6%
Diverse
Niche 0.2% 0.1% 0.1% 0.0% 0.7% 0.1% 0.3%
Diversification
Fully Functional 1.8% 0.0% 0.9% 0.1% 1.3% 0.0% 0.9%
Total Stream- 78,143 28,509 78,202 72,893 61,497 16,064 335,308
Associated
Riparian Acres”
Total Riparian 92,724 34,606 86,443 80,966 111,308 20,684 426,731
Land Class
Acres’

Data Source: Model output data — stand development stages.

1/ Percentages based upon the total Riparian land class acreage, which include modeled buffers for riparian areas adjacent to types 1-4

streams and wetlands plus associated wind buffers. Definitions are based on Carey et al. 1996.
2/ Acreage does not include wetland and wind buffer areas.
3/ The Riparian land class includes stream-associated riparian areas, wetland areas, and wind buffer areas.

In general, riparian areas within the five Westside HCP Planning Unit and the Olympic
Experimental State Forest are currently dominated by the competitive exclusion
developmental stages (sapling, pole, and large tree), but also have a large component
within the botanically diverse developmental stage. Within the five Westside HCP
Planning Units and the Olympic Experimental State Forest, 46 to 61 percent of the
Riparian land class on forested trust lands consists of single-canopy forest, including
sapling, pole, and large tree exclusion stages (Table 4.3-1 and Figure 4.3-1). Multi-layered
stands occur on about 34 to 49 percent of the Riparian land class in the five Westside HCP
Planning Units and the Olympic Experimental State Forest, including understory
development, botanically diverse, niche diversification, and fully functional stages.
Notably, the amount of the fully functional stage, which is most prevalent in pristine
riparian areas, is less than one percent of the Riparian land class.

Two ranges of tree sizes are of particular importance for riparian areas: large and very
large trees. Within the large tree exclusion and understory development stages, dominant
trees are 20 to 29 inches in diameter at breast height, but a few very large trees (greater
than 30 inches diameter at breast height) may be present. Under the large tree exclusion
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stage, stands have a single canopy and closure is greater than 70 percent. The understory
development stage represents the transition between single and multi-canopy forest and
generally has a larger proportion of very large trees, as well as poles and saplings, which
each may make up 10at least five percent or more of these stands, although pole and
sapling densities are low except in canopy gaps, which results in canopy closure levels of
less than 70 percent.

Dominant trees in these stand development stages are sufficiently large to provide
functional large woody debris and shade to streams of moderate or smaller size (up to
about 60 feet in width), based upon a relationship observed by Bilby and Ward (1989).
Approximately 31 percent of the Riparian land class on forested trust lands are in stand
development stages containing large trees with a range of 12 (Olympic Experimental State
Forest) to 46 (South Coast) percent among the different HCP Planning Units.

The botanical diversity, niche diversification, and fully functional stand development
stages contain “very large” trees (more than 30 inches diameter at breast height). Very
large trees are needed to supply large woody debris and shade to larger streams and rivers
or are needed in the outer portions of the Riparian Management Zones. At increasing
distances from a stream, a tree must be larger and taller to effectively supply large woody
debris to a stream (McDade et al. 1990). A similar relationship occurs for providing shade.
The Riparian land class in the HCP Planning Units range from approximately 19 (South
Coast) to 30 (North Puget) percent in the botanically diverse, niche diversification, and
fully functional stand development stages with an average of about 26 percent for all HCP
Planning Units. Stands containing very large trees are present at moderate levels on
forested trust lands in most western Washington watersheds. However, nearly all of the
stands containing very large trees are in the botanically diverse development stage. Only
about 1 percent of the Riparian land class is in the niche diversification and fully functional
development stages, which are stages that have a high level of decadence.

Approximately 22 percent of riparian stands in the forested trust lands consist of single-
canopy forest in the ecosystem initiation and sapling exclusion stages, which include trees
0 to 9 inches in diameter at breast height. Approximately 30 percent of the riparian stands
in the Olympic Experimental State Forest are in these early development stages.

An evaluation of the data for DNR-managed forested trust lands by watershed indicates
that approximately 11 percent of the watersheds have Riparian land class areas that are
mostly in the ecosystem initiation and sapling exclusion stages, and approximately 37
percent of the watersheds have at least one-quarter of the Riparian land class area in these
early development stages. These levels suggest that a substantial amount of riparian area
was disturbed prior to the implementation of the Habitat Conservation Plan (DNR 1997),
primarily from timber harvest.

In conclusion, the distribution of stand development stages within riparian areas suggests
that many moderate to large streams on forested trust lands may have reduced levels of one
or more riparian functions under current conditions because of low to moderate levels of
large, fully functioning stands; whereas, under historical unmanaged conditions, high
levels of these stand types were the norm. These areas are likely to remain in this status for
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the near future because they contain moderate to high levels of early stand development
stages. In contrast, many small to moderately sized streams may be approaching a
moderate to high level for some riparian functions, such as potential functional in-stream
large woody debris and shade from trees in intermediate development stages, but may have
substantial reductions in other riparian functions and lack decadent features important for
some wildlife and riparian-dependant species. Overall, riparian areas have a relatively high
proportion of early and mid-developmental stages and low proportions of older
developmental stages of forest, with a more structurally complex stand structure.

4.3.4 Environmental Effects

The following provides an overview of the general effects of forest management on
riparian functions. More details of these general effects can also be found in the Habitat
Conservation Plan Environmental Impact Statement (DNR 1996) and the Forest and Fish
EIS (Washington Forest Practices Board 2001). The potential effects of the Alternatives
are discussed.

4.3.4.1 Forest Management in Riparian Zones

Forest management activities, including road-building and stream crossings, yarding
corridors, restoration, vegetation management (both herbicide and fertilization use), and
varying levels of timber harvest, will change the forest structure within the riparian areas.
The potential for adverse effects to riparian and aquatic functions have been extensively
documented (e.g., Meehan 1991; Salo and Cundy 1987). Over the past quarter century,
management prescriptions for the restriction and mitigation of forest management in and
near riparian zones have been developed to avoid or minimize the potential for adverse
effects. Furthermore, forest managers are now developing and implementing techniques to
enhance and restore riparian zone functions.

Development of permanent roads removes trees within the road corridor, disturbs
streambanks, and may provide a pathway for the transport of water and sediment from the
roadway to a stream. Yarding corridors also remove trees, and may contribute to high
levels of soil disturbance or compaction along yarding corridors if adequate suspension of
logs is not achieved or appropriate mitigation measures are not implemented to reduce
adverse effects. Yarding corridors are generally used when cross-stream yarding is more
economical and less damaging to the environment than building a road. Maintenance and
re-growth of brushy vegetation and trees reduce the risk of adverse effects. Protection of
streambank integrity and adequate soil filtering of surface erosion are generally maintained
with a fully functioning stand within 30 feet of a stream (Washington Forest Practices
Board 2001).

Active timber management in the form of patch cuts and upland regeneration harvests can
also affect the risk of windthrow in riparian buffers. Data for windthrow within riparian
buffers from seven studies reported in Grizzel and Wolff (1998) had a mean windthrow rate
(i.e., proportion of riparian buffer trees to blow down) of about 15 percent for 344 sites in
western Washington and Oregon, with maximum windthrow rates ranging from 17 to 100
percent in the different studies. Pollock and Kennard (1998) re-analyzed several windthrow
data sets looking at the relationship between buffer width and likelihood of windthrow. They
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reached the conclusion that buffers of less than 75 feet have a higher probability of suffering
appreciable mortality from windthrow than forests with wider buffers. In general,
vulnerability to windthrow tends to return to normal a few years after logging (Moore 1977;
Steinblums 1978; Andrus and Froelich 1986).

Patch cuts may be used as a commercial activity in upland areas or the outer portions of
Riparian Management Zones. This technique may also be implemented within riparian areas
as a restoration activity to convert hardwood to conifer stands and as a tool for biodiversity
pathways management. Huggard and Vyse (2002) recommended that variable patch cuts less
than 2.5 acres in size for enhancing ecological diversity, and also found that windthrow risk
declines with patches smaller than that size. Carey et al. (1996) recommended management
patches on the order of 0.5 to 1.0 acre in size to mimic natural patterns.

The effects of partial harvest techniques such as variable size patch cuts, single tree
selection, and variable density thinning are not fully understood. Non-linear curves
depicting the relationship between riparian function and distance from the stream
(Washington Forest Practices Board 2001, pages 3-48 and 3-49) are generally based upon
fully developed stands (i.e., the fully functioning stand development stage). They suggest
that most riparian functions are fully protected within one site potential tree height, a
distance equal to the anticipated tree height for the specific site. Because the classification
of the stand development stages was based upon generic forest stand characteristics rather
than riparian function, the fully functioning stand developmental stage represents fully
functioning forest stand structure rather than specific riparian function. Riparian stands
need to be not only in the fully functioning stand development stage, but also need to be
sufficiently wide to achieve a high level of protection for riparian functions.

Removing trees within the Riparian Management Zone may temporarily reduce the level of
the riparian functions described above, but the extent and duration of the reduction depends
on where trees are removed, site-specific conditions, the amount of trees removed, and the
particular riparian function being considered (Washington Forest Practices Board 2001).
The duration of the recovery period can also depend upon the type and amount of
mitigation applied during and after harvest activities. Such near-term impacts would have
to be evaluated considered against the potential to accelerate functional recovery.

Based upon recent evaluations of riparian function (Washington Forest Practices Board
2001), a complex, multi-storied stand with decadence features and very large trees (i.e., the
fully functional stand development stage) within a buffer 0.75 of a site potential tree height
in width along a stream (approximately 105 feet for Douglas-fir on site class III soils)
would provide complete shade protection and about 90 percent of large woody debris
recruitment (Washington Forest Practices Board 2001). Removal of some trees from this
hypothetical stand between 75 and 100 feet from the stream would likely reduce some
amount and types of large woody debris recruitment, but would have minimal effect on
shade. The conversion of hardwood areas in patches greater than about 0.25 acre may
result in a higher risk of windthrow (Huggard and Vyse 2002), which could increase the
amount of downed wood and in-stream large woody debris, but decrease the standing crop
available for future recruitment. However, it is worth noting that many riparian stands are
not fully functioning because of their current structural condition and species composition.
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The degree to which moderate intensity timber management would affect near-term
riparian function is uncertain because few empirical studies have been completed.
However, active forest management can change species and stand composition and the
number and distribution of larger trees, and accelerate the development of larger trees and
more complex stand structures (Carey et al. 1996). Such activities help to restore longer-
term riparian functioning but may have some short-term adverse effects.

A riparian stand may not be fully functioning because of current site conditions; previous
management activities; or disturbance from fluvial processes, disease, or fire. Carey et al.
(1996) proposed that active management of forest stands on a biodiversity pathway using
Alternative silvicultural practices can result in full stand function being achieved more
rapidly. These Alternative practices may include:

e pre-commercial and modified commercial thinning to stimulate tree growth and
understory development;

e planting to supplement natural regeneration;
e retention of large legacy trees; and

e recruitment of down woody debris to terrestrial and aquatic systems and creation of
large snags.

The riparian management strategies examined under the Alternatives are described in
Chapter 2. Other policies and procedures that affect riparian conditions are described in
Appendix C. Each Alternative proposes different levels of harvest activities in riparian
areas (Table 4.3-2). During the remaining period of the Habitat Conservation Plan,
Alternatives with lower levels of activity, such as Alternatives 1 through 4, are expected to
have a higher proportion of riparian area with large and very large trees that are in
competitive exclusion stages. In contrast, Alternatives with higher levels of active
management, such as the Preferred Alternative, are expected to have more riparian area
that will be fully functioning, or be on a trajectory towards full function. Regardless,
riparian conditions are expected to improve under all Alternatives relative to current
conditions. This is due to changes in stand structure, particularly increases in the amount of
stand development stages that include large and very large trees, which are in moderate
supply throughout much of the western Washington forested state trust lands (see Figure
4.3-2). The rate of improvement in structurally complex forests overall is similar among
the Alternatives. However, active management under the Preferred Alternative is expected
to 